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I N T R O D U C T I O N 
Recently numerous studies have been made to 
investigate new interfaces of chemical science with the 
biological systems. The positive results of the 
investigations in various media in this field have attracted 
the interest of many workers around the globe, especially the 
physiochemical studies of biological macromolecules 
(proteins). 
Most of the work in bioligical macromolecules 
(proteins) have been done in buffer solutions over a wide 
pH range. These studies recently introduced a new type of 
structural state that is "molten-globule state" (1-3). In 
this state the molecule is the compact globule form, just as 
in the native state but the tertiary structure can slowly 
fluctuate. 
On the other hand the work in proteins 
is physiologically important (4) when they are associated 
with water. This is useful to understand the concept of 
proteins, as chemical species. Cavity term (5), hydration 
term (6) and thermodynamic parameters. 
Measurements of density (4) and viscosity of proteins 
enable one to investigate intermolecular interaction and to 
correlate them with their thermodynamic properties. 
The Ultrasonic (7-9) measurements and derived 
parameters are employed to evaluate the thermodynamic 
parameters provide better source of understanding molecular 
interaction in proteins and it is useful technique to study 
the hydration phenomena in solutions of biological compounds 
(10,ID-
Measurements of partial specific volume, Vo , (12,13,20) of a 
solute is a characteristic parameter that can be used in 
investigat"ons of proteins associations, changes in 
conformations and proteins - solvent - interactions. 
The partial molar volume of proteins in solution is 
now known to result from three contributions (18);. (a) The 
constitutive atomic volume (b) the void volume because of 
imperfect atomic packing,and (c) the volume change due to 
solvation. Since then the constitutive atomic volume is 
approximated as incompressible (19). 
The adiabatic compressibility of protein solutions can 
be estimated by densitometric method (16) or ultracentrifuge 
(17). It can also be estimated by ultrasonic interferometer 
(8,9). In some cases it has been computed by the 
measurements of partial specific volume as functions of 
pressure to estimate the size of interior proteins structure 
and conformational changes. Isothermal compressibility of 
proteins can be calculated through adiabatic compressibility, 
heat capacities and thermal expansion coefficient (15). 
The drived parameters (21,22) from the value of 
Ultrasonic Velocity, U, Compressibility,/3 , intermolecular 
free Length, Lf, and solvation number, Sn, etc. are treated 
through Shiio (23,24) postulated equation as follows; 
^/c = (%„-Vo)/c =^ ./;3^ x 1/d^ - (V^-V^/3l//3,)/c ... [l] 
The notation used are: 
/-' = adiabatic compressibility of solution 
/\ = adiabatic compressibility of solvent 
' * = adiabatic compressibility of solute 
/i, = adiabatic compressibility of bound water 
V = apparent specific volume fraction of bound water 
V. = specific volume fraction of bound water 
V = apparent specific volume fraction of total 
solvent used i.e. Vo = (d-c)/do 
d = density of solution 
do = density of solvent 
d. = density of solute 
C = cone, of solute, g/ml of solution 
The limiting partial specific compressibility of 
solute is defined as (20): 
/3/ = /^ o Vo lim (/3/;3^ - Vo)/c ... [2] 
C->o 
where Vo is the partial specific volume of the solute and 
the superscript zero refers to the values at infinite 
dilution. Vo in the above equation is obtained by the 
following relation: 
Vo = Lim (1 - Vo)/c ... [3] 
c->o 
The values of /5 and Jh^ can be easily calculated from the 
results of measurements on the sound velocity, U, in 
solution and solvent using the laplace equation 
U^  = -1 ... [41 
d fi, 
For calculated limiting partial specific compressibility of 
solute, P>1 , This expression was employed to evaluate the 
various derived parameters for chemical substances (32,38) 
as well as for proteins. 
However, ^/c and A*can be determined experimentally, 
the first term of the right side of equation [l] depends on 
the compressibility of solute. At, and the second represents 
the term due to solvation or hydration. Assuming the 
appropriate values for /ig and /2>j. , One can estimate the 
amount of bound water around the solute Vo from equation [l] 
and it is observed (4,23,24) that, U, and Sn increase with 
increase in mol fraction, while /3 and Lf decrease, 
indicating strong molecular interaction. 
The flexabillty of proteins should be reflected in its compressi-
bility, since it is directly related to volume fluctuation (38).In the past 
decade the considerable amount of data on adiabatic 
compressibility of several proteins have been reported 
(6,19). Since the accurate measurements of ultrasonic 
velocity becomes possible in dilute solution (15), an 
important finding in these studies as well as earlier 
(8,9,14) was that globular proteins exhibit positive 
compressibility, indicating the large internal 
compressibilities of the molecules. However the relationship 
between their compressibility and structure has hardly been 
discussed at a molecular level, probably because of the 
complicated effect of hydration on the compressibility. 
An importance of flexibility of proteins has been 
pointed out from the coordination between the protease 
susceptibility and some proteins, such as free energy and 
foaming capacity (26,43). 
In these studies the flexibile proteins, as assumed to 
be more easily digested by protease than the rigid ones. 
Although this assumption may be useful as measure of the 
relative flexibility at a given condition, it is more 
desirable to determine the absolute level of flexibility 
with physical meaning for further advanced understanding of 
the flexibility structure function relationships of several 
food proteins. 
In this study our aim was to standardize the technique 
of ultrasonic velocity on single frequency ultrasonic. 
interferometer for intermolecular interactions with known 
proteins so that the adiabatic as well as intrinsic 
compressibilities of several other food proteins for their 
digestivity can be worked out which have not been taken into 
consideration yet. 
The data of compressibility thus obtained will also 
shed light on the structure function relationship of such 
proteins. 
E X P E R I M E N T A L 
Material and Samples: 
Two proteins ovalbumin and bovine serum albumin (from 
Sigma Co ) were used without further purification. Six 
sample solutions of different proteins concentrations 
(0.002 - 0.01) g/lOO ml prepared by dissolving in double 
distilled water. 
Temperature Control: 
Preparation of samples and measurements were made in a 
thermostated paraffin - bath in order to maintain a uniform 
temperature. 
The bath consists of an immersion heater (250W), 
Stirrer, check and contact thermometers [TGL 35178, 
Imax = 0.03A, Umax = 250V - GDR]. The check thermometer 
(Germany) was N.B.S. calibrated to record +_ 0.1°K variation. 
A relay [Jumo type NT15,jD 220 -V-15A (Germany)] was used to 
control the variation in tsmperature. 
Calibration of Ultrasonic interferometer: 
The ultrasonic interferometer (Mittal's F-81 of 
frequency 4 MHz and F-81 of frequency 2 MHz) were used for 
the measurements of ultrasonic velocity in the temperature 
range (293.15 - 313.15 K), water from ultrathermostate 
(Type U-10 with an accuracy +_ 0.01 K) was circulated through 
the brass jacket surrounding the cell and the quartz 
crystal. 
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The jacket was well insulated and the temperature of 
the liquid under study was maintained to an accuracy of 
+^  0.01°K. The interferometer has been calibrated at all 
temperatures using computed values of pure waterflS", 37) . 
Calibration of Pyknometer: 
The pyknometer consists of a small bulb with flat 
bottom (^ 3^ ml capacity) and a graduated stem, the pykometer 
was calibrated with distilled water of known density. The 
clean and dried pyknometer was weighed and filled with the 
double distilled water and again weighed. The difference of 
these two weights gave the weight of water taken. Then the 
pyknometer was immersed in the said thermostated bath 
maintained at the required temperature of +_ 0.01°K thermal 
stability. The temperature was adjusted so as to bring the 
volume of water to each marking of the graduated stem of the 
pyknometer. The densities of pure water at these 
temperatures corresponding to each of the marks of the stem 
have been fi'ted to the equation [5] below 
d" = 1 + bt - ct^ ... [5] 
where a = 1.000525, b = -2.0 x 10^, C = -4.72xl0~^ 
(with standard deviation of 4 ppm). 
To check the reproducibility of calibration, the same 
process was repeated with different weights of pure water. 
From the known volume of calibrated pyknometer at each mark 
and the known mass of pure water, the densities were 
calibrated (37). 
Calibration of Viscometer: 
Viscosities of samples were measured with the help of 
a Cannon-Ubbelohde (27) type. This viscometer consists of 
three arms which are parallel to each other viz. receiving, 
measuring (capacity 2.0 ml) and auxiliary tubes, for forming 
the suspended level arrangement in a triangle fashion. The 
receiving tube forms a 'U' shape with measuring tube through 
a bulb. The viscometer is designed in a manner (28) so that 
the center of gravity of the three bulbs were aligned 
vertically to reduce the effect of acceleration due to 
gravity (29) and the resulting efflux time for water was set 
close to 103 seconds at room temperature (depending upon 
the dimension of viscometer) in order to minimize the 
experimental errors. Capillary effects of the two liquid 
surfaces were neutralized by each other, so that the surface 
tension correction for the apparatus was negligible and the 
transport of momentum was carried out freely under the 
weight of the total volume (suspended) of the test liquid. 
The viscometer was cleaned, dried and filled with the 
pure water, the viscometer containing the test liquid should 
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be sufficient to avoid any air bubble being introduced into 
the capillary arm while fiducial bulb was filled, the 
viscometer was then allowed to stand in the thermostated 
bath for half-an-hour to minimize the thermal flucatuations. 
Pure water was sucked into the measuring bulb with the 
help of a vcuum pump and was allowed to stand for few 
minutes before recording the time of fall, from the upper 
mark of that of the lower, several times. Mean values of 
almost identical readings were recorded at several 
temepratures. Viscosities, \ , were calculated using the 
Poiseuille's equation. 
d t 
'>;^  = _ i L__ •>2 ... [6] 
and y) = "Hhdgr^ t/8LV ... [7] 
where, h, is the hight of the liquid water column, g, is 
the acceleration due to gravity, r, is the radius of the 
capillary of the viscometer, L, is the length of the 
capillary and, t, is the time of fall of the rest liquid of 
volume V, to fall through the capillary. Equation [7] may be 
written as, 
yj^= dfht ... [8] 
where fh = TT hgr /8LV, is a constant quantity and is a 
characteristic of the Viscometer. It was calculated by 
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making us? of reported (30,31) values of viscosities of 
pure water at several temperatures. 
Measurements: 
(1) Ultrasonic Velocity: 
Instrumentation: 
(a) Working Principle: An Ultrasonic interferometer 
(Mittal's F81) is a simple and direct device to determine 
the uttrasonic velocity in liquid. 
Uttrasonic waves of known frequency are produced by a 
quartz plate fixed at the bottom of the cell. These waves 
are reflected by a movable metalic plate kept parallel to 
the quartz plate, if the separation between these two plates 
is exactly a whole multiple of the sound wave-length, 
standing waves are formed in the medium. This acoustic 
resonance gives rise to an electrical reaction on the 
generator driving the quartz plate and the anode current of 
the generator becomes maximum. 
If the distance is now increased or decreased and the 
variation is exactly one half wave-length (A/2) or multiple 
of it, anode current becomes maximum. From the knowledge of 
wave length, the velocity U, can be obtained by the 
relation, 
U = X xV ... [9] 
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(b) Der-cription: The Ultrasonic interferometer consists of 
two parts (i) The high frequency generator and (ii) The 
Measuring cell. 
The high frequency generator is designed to excite the 
quartz plate fixed at the bottom of the measuring cell at 
its resonant frequency to generate ultrasonic waves in the 
experimental liquid filled in the measuring cell. A 
micrometer to observe the change in current and two controls 
for the purpose of sensitivity regulation and initial 
adjustment of micrometer are provided on the panel of the 
high frequency generator. 
The measuring cell is double walled for maintaining 
the temperature of the liquid constant while recording data. 
A fine micrometer screw has been provided at the top which 
can lower or raise the reflector plate in the liquid in the 
cell through a known distance. 
The measuring cell was connected to the out-put 
terminal of the high frequency generator through a co-axial 
cable. The cell was filled with the experimental liquid 
before switching on the generator. The ultrasonic waves of 
4MHz (in bovine serum albumin) & 2MHz (in ovalbumin) 
produced by a gold plated quartz crystal fixed at the bottom 
of a cell are passed through the medium of a cell, and 
reflected by a movable plate* The standing waves are 
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formed in the liquid between the reflector plate and the 
quartz crystal. Acoustic resonance due to these standing 
waves gives rise to an electrical reaction to the generator 
driving the quartz plate and the anode current of the 
generator becomes maximum. The micrometer screw was raised 
slowly to record the maximum anode current. The wave length 
was determined with the help of total distance moved by the 
micrometer for twenty maxima of anode current. The total 
distance 'd' travelled by the micrometer gives the value of 
wave length with the help of the relation, d = n x A/2 where 
n is the number of maxima in anode current. Once the wave 
length is known, Ultrasonic Velocity can be calculated as 
described earlier. The accuracy in velocity measurements was 
found to be with in +_ 57o at 2MHz and ;i^27o at 4MHz. 
(2) Density: 
A known amount of protein sample was transferred to 
the calibrated pyknometer with the help of a funnel fitted 
with a vacuum pump. The pyknometer was then Immersed In the 
thermostated bath. The volume corresponding to each of the 
marks was recorded as a function of temperature. 
(3) Viscosity: 
The protein sample was transferred to the viscometer 
with a graduated pipette, then viscometer was placed In the 
thermostate at a given temperature in a fixed position and 
the time of fall for each protein solution was recorded. 
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The values of interinslc viscosity [ 7 ] , in the 
concentration range studied were computed by extrapolation 
of (In 'n-f/c) against concentration curves at infinite 
dilution. These values of [ "^  ] at differ.ent temperature 
vi7ere determined by the least square fitted method. 
(4) Measurements of surface tension: 
In view of the successfull applicability of Nomoto (25) 
relations in molecular liquids, Higgs and Litovitz (34) and 
Subramanyam (35) proposed an expression for the molar 
Ultrasonic Velocity as: 
nil _ M U ^ ' ^ 2/3 r ^T 
^ - = Vu^ '-^  ...[10] 
d 
where, M, stands for molecular weight and, V, for the molar 
volume of the solution. The applicability of equation [10] 
has been extended to so many other forms for instance 
Auerbach (36) established a relation between the ultrasonic 
Velocity, U, and the surface tension, cr* j as follows: 
U =( ^^^rx—^'^^ ••• [11^ 
6.3x10 ^ .d 
where, d, stands for the density of the liquid: Thus knowing 
the Ultrasonic Velocities the surface tensions values may be 
predicted by using the above expression. 
RESULTS AND DISCUSSION 
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The ultrasonic velocities, densities and viscosities 
of bovine serum albumin BSA and ovalbumin have been 
recorded. The measurements have been made over the 
temperature range 20 to 40°C for several concentrations 
(within the range 0.002 to 0.01 gm/lOO ml). 
The ultrasonic velocity for both the protein solutions 
increase with Increase in protein concentration (Fig.1) as 
also reported earlier (5,4V). The dependence of ultrasonic 
velocity gradient, (du/dc) on concentration as well as on 
temperature have been shown in Figs. ^ &-3 Fig. 3 shows that 
concentration has apparently insignificant effect on such a 
gradient at given temperature. This is in accordance with 
the reported results (5). Table : 2 shows that the values of 
du/dc of BSA are greater than reported earlier (39), this 
effect is more pronounced in case of BSA , compared to 
ovalbumin, such an increase in du/dc may be caused by 
alteration in the protein hydration (39); which seems to 
play a significant role in stability, dynamics, structural 
characterstics and functional activity of the 
biopolymers (40). 
The solutions used for the present studies lie in the 
density ranges: 0.99267 to 1.0051 gm/cc and 0.99242 to 
1.0025 gm/cc in the cases of '.BSA and ovalbumin, 
respectively. 
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The partial specific volume (Vo) of a protein at 
infinite dilution was determined by extrapolation of the 
apparent specific volume, [(l-Vo)/c] to zero concentration 
with an accuracy of +_ 0.57o as done earlier (5). The Vo 
values together with adiabatic compressibility of proteins 
are shown in Fig.4. The density as well as the partial 
specific volume are found to increase with increase in 
temperature as shown In (Fig/.5,6). The temperature 
dependence of Vo at different concentration is shown in 
Fig.5, such a trend is in accordance with that reported 
earlier ( S » ^ ) . The behavior of V ^'both the proteins «.i-e 
- ' o '^  
Shown in Fig.7. These curves were plotted by the least-squares 
method using the computer. The graphical results may be 
expressed in the following manner: 
Fig.l (a) U^, = 49.484x10-^ C 1031.9 ms"""- BSA at 25°C 
(b) U , = 60.02xlO^C 1404.0 ms"""- (ovalbumin) at 25°C Ob. 
Fig.4 (a) 4 = 5.0723x10"-^ Vo - 4.069x10"^ cm^ dyne BSA 
_ _ at cone. 0.01 g/ml 
(b) /^s - -2.2035x10 ^ VQ 1.5163x10"^ (ovalbumin) 
at cone. 0.01 g/ml 
Fig.5 (a) d^^ = -203.45 C -1.9168 g/ml BSA at 25°C 
(b) d^ , = -203.58 C -1.9178 g/ml (ovalbuminj at 25''C 
Fig.10 (a) Ps = -203.45 C -1.9168 BSA at 25''C 
(b) A = -9.32 C - -5.9349 (ovalbumin) at 25°C 
17 
The values of adiabatic compressibility of protein 
( t\) , and adiabatic compressibility of solution ( /^  ) have 
been computed using equation [2] and equation [4] 
respectively. The values of lim [ (/^ /A.-Vo)/c ] obtained by the 
c->o 
extrapolation procedure are displayed in Fig.8 for BSA and 
ovallbumin. The calculated values of /i^ have been plotted as 
functions of temperature, Vo and concentration in 
Fig^. (4,9,10) for both the proteins. The nature of the plot 
of /3^  against temperature is similar to that reported earlier 
(5). Since the volume fluctuation or the compressibility is 
a bulk thermodynamic quantity, it is related to macroscopic 
properties averaged over the entire protein molecule. Thus 
compressibility has been for measuring the extent of 
flexibility of proteins (6), which throw light on 
correlation of structural characterstics of proteins with 
thermodynamic properties. An examination of Fig.9 suggests 
that BSA is more flexible than ovalbumin (19). Similarly, 
by using such plots it may by possible to predict/^of a 
number of proteins on the basis of the corresponding 
Vo value(38). Furthermore A has been found to increase (Fig.4) 
with increase in Vo, as envisaged on the basis of positive 
contribution of cavity and negative contribution of 
hydration. In the present case negative contribution of As 
may be due to predominent hydration effect in the low 
concentration range of protein. In other words the behaviour 
of fhs may have been the outcome of the mutual influence of 
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amino acid and carboxyl group as well as the proton transfer 
reactions in aqueous solutions (39). An examination of Fig.9 
shows that f^s values of BSA increase with increase in 
temperature in the same way as reported earlier for globular 
proteins (5), while /i^ values of ovalbumin decrease with 
temperature. The increase in the values of /3^  as stated above 
for the case of BSA seems to be due to gradual loss of 
water of hydration and consequent aggregation of solute 
(protein) molecules. 
The typical plots of lim [(P/PQ-Vo)/c ] against protein 
c->o 
concentration for both the cases are shown in Fig.6. The 
nature of the plots has been found to be similar to that as 
reported earlier (19), which shows the dependence of 
compressibility on characterstic properties of a protein. 
The viscosities were computed by least square fitting 
method to linear equations. The values thus obtained are 
given in Table:., 3 and shown, in Fig.11. Fig.12 shows the results 
of relative viscosity measurements for BSA and 
ovalbumin systems at 30°C. There is a linear relationship 
between la TJ /C and concentration of protein which is 
represented by the Muggins (41,45) equation, in the 
concentration range studied. The values of intrinsic 
viscosity [ n ] of these proteins thus obtained, Table :.3 
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gives an idea about the native conformation of protein 
(or molecular shape), and the change in intrinsic viscosity 
depends on the effective hydrodynamic volume (flexibility of 
atomic bond) of proteins as found for BSA and 
ovalbumin. Data shows that the computed values of [ '\ ] are 
close to those of the reported values for native globular protein 
(viz. 3.5 ml/gm), and ovalbumin (4.5 ml/gm)(5)in acidic pH 
as well as in neutral (41) pH. 
The surface tension values of both the proteins have 
been calculated as a function of concentration using 
equation [ll]. 
Table. 4 shows that the comparison of surface tension 
of BSA and ovalbumin. The surface tension obtained 
experimentally (35.3 dyne/cm for 0.017o cone, at 25°C) is 
slightly less than the reported value for native ovalbumin 
(viz. 48.0 dyne/cm) in neutral: as well as in acidic media (41). 
Such a discrepancy in the two values seems to stem from 
extreme dilution of these systems. The values of surface 
tension of both the proteins increase with temperature and 
concentration. 
Finally, the preliminary investigation suggests that 
native BSA appears to be more flexible than the native 
ovalbumin. . 
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Table: 1 Ultrasonic Velocity data U ms at different 
temperatures and different concentrations 
(a) B S A (frequency 4 MHz) 
Concentration T(K) 
X 10 ^(g/ml) 293.15 298.15 303.15 308.151 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
1400 
1320 
1200 
1168 
1068 
1020 
1540 
1420 
1312 
1280 
1180 
1140 
1600 
1540 
1430 
1400 
1320 
1300 
1720 
1660 
1560 
1540 
1450 
1405 
1860 
1790 
1695 
1660 
1590 
1555 
(h) Ovalbumin (frequency 2 MHz) 
Concentration T(K) 
X 10^ (g/nil) 293.15 298.15 303.15 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
1454.8 
1443.5 
1432.1 
1425 
1414.4 
1408.5 
1464 
1452.1 
1440 
1434.2 
1422 
1416 
1475 
1464.6 
1452 
1447.3 
1435.2 
1428.6 
1487 
1476 
1463.8 
1457.7 
1445 
1438 
1501.1 
1489 
1477.8 
1471 
1458.7 
1452 
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Table 2: Effect of Temperature on du/dc for (a) BSA, 
(b) Ovalbumin 
Type of Protein Temp (K) 
293.15 298.15 303.15 308.15 313.15 
(BSA) 48102 49484 39009 39766 38935 
Ovalbumin 5811.1 6002.1 6200.9 6127.8 6104.2 
Table 3: Logarithm of intrinsic viscosity [ "^  ] (ml/gm) 
against temperature for (a) BSA, (b) Ovalbumin 
S.No. Temp (K) [ >]_ J ml/gm [ '^] ml/gm 
(BSA) Ovalbumin 
1. 293.15 5.3609 5.3479 
2. 298.15 5.3598 5.3450 
3. 303.15 5.3568 5.3479 
4. 308.15 5.3606 5.3534 
5. 313.15 5.3637 5.3708 
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Table 4: B e s t - f i t parameters for t h e su r f ace t e n s i o n ., a 
(dyne/cm) in aqueous s o l u t i o n 
(a) bovine serum albumin 
Concent r at ion T (K) 
X 10^(g/ml) 293.15 298.15 303.15 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
33.018 
30.214 
26.175 
25.122 
21.961 
20.492 
38.045 
33.668 
29.886 
28.785 
25.472 
24.182 
40.238 
37.978 
34.036 
32.884 
30.099 
29.416 
44.769 
42.426 
38.631 
37.871 
34.591 
32.985 
50.269 
47.673 
43.686 
42.319 
39.660 
38.349 
(b) Ovalbumin 
Concentration T(K) 
X 10^(g/ml) 293.15 298.15 303.15 308.15 313.15 
1.0 
0.8 
0.5 
0.3 
0.2 
34.967 
34.544 
34.108 
33.461 
33.243 
35.254 
34.808 
34.347 
33.688 
33.466 
35.607 
35.213 
34^733 
34.115 
33.871 
35.979 
35.562 
35l096 
34.404 
34.146 
36.436 
35.906 
35^546 
34.841 
34.521 
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Table 5: Density as a function of temperature and concentra-
tion for Aqueous solutions 
'a) B S A 
Concentration T (K) 
X 1 0 ^ ( g / m l ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
1.00051 0.99924 0.99797 0.99620 0.99469 
1.000 0.99873 0.99747 0.99570 0.99419 
0.99949 0.99822 0.99698 0.99519 0.99368 
0.99898 0.99772 0.99645 0.99469 0.99318 
0.99873 0.99746 0.99620 0.99443 0.99292 
0.99848 0.99721 0.99594 0.99418 0.99267 
(b) Ovalbumin 
&:)ncentrati on T (K ) 
X 10^ (g/iTil) 293.15 298.15 303.15 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
1.00025 
0.99978 
0.99898 
0.99873 
0.99848 
0.99822 
0.99898 
0.99848 
0.99772 
0.99746 
0.99721 
0.99822 
0.99772 
0.99721 
0.99645 
0.99620 
0.99594 
0.99569 
0.99595 
0.99544 
0.99469 
0.99443 
0.99418 
0.99393 
0.99444 
0.99394 
0.99318 
0.99292 
0.99267 
0.49242 
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Table 6: Apparent volume fraction data Vo (ml/g) for the 
solvent (water) 
(a) bovine serum albumin 
Concentration T(K) 
X 10^(g/ml) 293.15 298.15 303.15 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
0.99227 0.99214 0.99210 0.99205 0.99200 
0.99376 0.99363 0.99360 0.99356 0.99351 
0.99525 0.99513 0.99510 0.99506 0.99501 
0.99574 0.99563 0.99559 0.99556 0.99552 
0.99750 0.99737 0.99735 0.99731 0.99727 
0.99825 0.99813 0.99809 0.99807 0.99803 
(b) Ovalbumin 
Concentration T (K) 
X I 0 ^ { g / m l ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 308.15 313.15 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
0.99201 0.99188 
0.99354 0.99338 
0.99475 0.99462 
0.99549 0.99537 
0.99725 0.99712 
0.99799 0.99786 
0.99185 0.99180 0.99175 
0.99334 0.99330 0.99326 
0.994459 0.99456 0.99451 
0.99534 0.99530 0.99526 
0.99709 0.99706 0.99702 
0.99784 0.99782 0.99777 
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Table 7 : Best-fit parameters for partial specific volume Vo 
(ml/g) of the solute 
(a) bovine serum albumin 
Concent r a t i o n 
X 1 0 ^ ( g / n i l ) 
1.0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 . 2 
T(K) 
293 .15 
0 .773 
0 .780 
0 .792 
0 .852 
0 .833 
0 .875 
2 9 8 . 1 5 
0 . 7 8 6 
0 . 7 9 6 
0 . 8 1 2 
0 . 8 7 4 
0 . 8 7 7 
0 . 8 8 5 
3 0 3 . 1 5 
0 . 7 9 0 
0 . 8 0 0 
0 .817 
0 .882 
0 . 8 8 3 
0 . 9 5 5 
3 0 8 . 1 5 
0 . 7 9 5 
0 . 8 0 5 
0 . 8 2 3 
0 . 8 8 8 
0 . 8 9 6 
0 . 9 6 5 
3 1 3 . 1 5 
0 . 8 0 0 
0 . 8 1 1 
0 . 8 3 2 
0 . 8 9 6 
0 . 9 1 0 
0 . 9 8 5 
(b) Ovalbumin 
Concentration T(K) 
X 1 0 ^ ( g / m l ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 
0 . 8 
0 .6 
0 . 5 
0 . 3 
0 . 2 
0 .799 
0 .808 
0 .875 
0 .902 
0 .917 
1.006 
0 .812 
0 . 8 2 7 
0 .887 
0 . 9 2 0 
0 . 9 6 0 
1 .068 
0 . 8 1 5 
0 .832 
0 .902 
0 .932 
0 . 9 7 0 
1.075 
0 . 8 2 0 
0 . 8 3 7 
0 . 9 0 7 
0 . 9 4 0 
0 . 9 8 0 
1 .091 
0 . 8 2 5 
0 . 8 4 3 
0 . 9 1 5 
0 . 9 4 8 
0 . 9 9 3 
1 .113 
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T a b l e 8 : E f f e c t of c o n c e n t r a t i o n on a d i a b a t i c c o m p r e s s i b i l i t y 
term [( ^ / P ^ - V o ) / c ] 
( a ) bov ine serum a lbumin 
Concentration T(K) 
X 1 0 ^ ( g / m l ) 293 .15 2 9 8 . 1 5 303 .15 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 - 6 9 . 2 2 7 - 6 0 . 8 5 0 - 4 9 . 3 3 8 - 4 2 . 2 3 0 - 3 7 . 0 2 1 
0 . 8 - 8 2 . 0 1 4 - 6 7 . 7 2 7 - 5 6 . 7 5 7 - 4 7 . 5 1 4 - 4 0 . 8 8 
0 .6 - 9 7 . 7 3 8 - 7 7 . 6 7 3 - 6 1 . 8 9 6 - 5 0 . 1 5 7 - 4 1 . 1 9 1 
0 . 5 - 1 1 2 . 7 9 5 - 8 7 . 8 5 3 - 6 8 . 5 0 6 - 5 6 . 5 9 1 - 4 3 . 1 2 1 
0 . 3 - 1 6 0 . 3 4 3 - 1 1 4 . 2 7 5 - 8 7 . 5 5 2 - 6 4 . 6 5 - 4 8 . 9 4 8 
0 . 2 - 2 1 5 . 8 9 0 - 1 4 8 . 1 5 6 - 1 2 0 . 2 1 9 - 7 0 . 4 6 4 - 5 3 . 5 0 2 
(b) Ovalbumin 
Concentration K K ) 
X lo '^{g/ml) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 
0.8 
0.6 
0.5 
0.3 
0.2 
-4.040 
-3.225 
-1.813 
-0.308 
3.605 
10.078 
-4.08 
-3.246 
-1.818 
-0.703 
4.354 
10.235 
-4.329 
-3.797 
-2.528 
-1.949 
2.342 
7.253 
-4.989 
-4.609 
-3.588 
-2.794 
0.980 
6.277 
-5.674 
-5.185 
-4.675 
-4.083 
-1.802 
2.163 
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Table 9: Effect of concentration on adiabatic compresibility 
of solute, 
(a) bovine seum albumin 
Concentration 
X 10'^(g/r 
1 .0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 . 2 
nl ) 293 .15 
T(K) 
- 1 5 . 2 2 
- 1 7 . 8 8 
- 2 0 . 9 8 
- 2 2 . 5 1 
- 3 2 . 7 2 
- 4 1 . 9 4 
2 9 8 . 1 5 
- 8 . 5 1 6 
- 9 . 3 5 
- 1 0 . 5 2 
- 1 1 . 0 6 
- 1 4 . 3 3 
- 1 8 . 4 2 
/3,X 1 0 ^ 
3 0 3 . 1 5 
- 4 . 9 
- 5 . 5 6 2 
- 5 . 9 4 
- 6 . 0 8 9 
- 7 . 7 7 
- 9 . 4 2 5 
(cm dyne ) 
3 0 8 . 1 5 
- 3 . 1 6 1 
- 3 . 5 1 2 
- 3 . 6 2 6 
- 3 . 7 9 2 
- 4 . 2 9 3 
- 4 . 3 4 5 
3 1 3 . 1 5 
- 2 . 1 6 6 
- 2 . 3 5 8 
- 2 . 3 1 7 
- 2 . 2 5 2 
- 2 . 8 2 8 
- 2 . 5 4 2 
(b) Ovalbumin 
Concent rat: ion 
X 1 0 ^ ( g / m l ) 
1.0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 . 2 
293 .15 
T(K) 
- 2 . 5 0 8 
- 1 . 9 8 0 
- 1 . 0 2 8 
- 0 . 1 6 9 2 
1.950 
4 .968 
2 9 8 . 1 5 
- 2 . 4 6 5 
- 1 . 9 2 7 
- 1 . 0 0 6 
- 0 . 3 7 4 6 
2 .227 
4 . 7 0 5 
A*x 10 ^( 
3 0 3 . 1 5 
- 2 . 5 8 2 
- 2 . 2 1 8 
- 1 . 3 6 2 
- 1 . 0 1 6 
1 .173 
3 .279 
2 
cm dyne ) 
3 0 8 . 1 5 
- 2 . 9 3 3 
- 2 . 5 3 8 
- 1 . 9 0 7 
- 1 . 4 3 3 
0 . 4 8 2 0 
2 . 7 7 3 
3 1 3 . 1 5 
- 3 . 2 9 1 
- 2 . 9 3 4 
- 2 . 4 3 7 
- 2 . 0 5 5 
- 0 . 8 6 5 6 
- 0 . 9 2 7 1 
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T a b l e 10 : V i s c o s i t y ( m l / g ) as a f u n c t i o n of t e m p e r a t u r e and 
c o n c e n t r a t i o n f o r aqueous s o l u t i o n s 
( a ) bov ine serum a lbumin 
Concentration T(K) 
X 102 (g /ml ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 .2 
9 .880 
9.792 
9 .790 
9 .788 
9 .710 
9 .704 
9 .417 
9 . 3 4 4 
9 .335 
9 .326 
9 .290 
9 .260 
7 .997 
7 .932 
7 .928 
7 .915 
7 .880 
7 .862 
7 .268 
7 .203 
7 .182 
7 .169 
7 .157 
7 .152 
6 . 7 7 3 
6 . 7 9 0 
6 . 7 4 0 
6 . 6 9 0 
6 . 6 5 6 
6 . 6 4 8 
(b ) Ovalbumin 
Concentratior T(K) 
X I 0 ^ ( g / m l ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
i .O 
0 . 8 
0 .6 
0 . 5 
0 . 3 
0 .2 
9.912 
9 .879 
9 .871 
9 .833 
9 .804 
9.792 
9 .554 
9 . 4 0 3 
9 .330 
9 . 2 9 1 
9 . 2 3 3 
9 .203 
8 .012 
7 .982 
7 .950 
7 .939 
7 .911 
7 .900 
7 .283 
7 .245 
7 . 2 1 3 
7 . 1 9 4 
7 .157 
7 .153 
6 . 9 0 3 
6 . 8 9 9 
6 . 8 2 9 
6 . 7 9 9 
6 . 7 6 1 
6 . 7 4 0 
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T a b l e 11: Logar i thm of r e l a t i v e v i s c o s i t y I n n^ / c ( t n l / g m ) , 
a g a i n s t c o n c e n t r a t i o n 
( a ) bov ine serum a lbumin 
Concentration T(K) 
X 1 0 ^ ( g / m l ) 293 .15 2 9 8 . 1 5 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 .2 
4 . 6 2 4 
4 .838 
5 .125 
5 .307 
5 .810 
6 .219 
4 . 6 2 9 
4 . 8 4 4 
5 . 1 3 1 
5 .312 
5 .819 
6 . 2 2 1 
4 . 6 3 0 
4 . 8 4 5 
5 .132 
5 . 3 1 3 
5 .820 
6 . 2 2 3 
4 . 6 3 9 
3 .853 
5 .138 
5 .319 
5 .828 
6 . 2 3 3 
4 . 6 4 5 
4 . 8 6 8 
5 . 1 4 8 
5 . 3 2 3 
5 . 8 2 9 
6 . 2 3 3 
(b ) Ovalbumin 
Concentration T(K) 
X 1 0 ^ ( g / m l ) 293 .15 298 .15 3 0 3 . 1 5 3 0 8 . 1 5 3 1 3 . 1 5 
1.0 
0 . 8 
0 . 6 
0 . 5 
0 . 3 
0 .2 
4 .627 
4 .847 
5 .134 
5.312 
5 .820 
6 .224 
4 . 6 4 3 
4 . 8 5 0 
5 .130 
5 .308 
5 .813 
6 .215 
4 . 6 3 2 
4 . 8 5 1 
5 .135 
5 .316 
5 .823 
6 .227 
4 . 6 4 1 
4 . 8 5 9 
5 .142 
5 .322 
5 .828 
6 . 2 3 3 
4 . 6 6 1 
4 . 8 8 4 
5 . 1 6 1 
5 . 3 3 9 
5 . 8 4 5 
6 . 2 4 7 
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Fig.1 Ultrasonic velocity U os o function of concentration 
(a) twvine serum albumin (b) Ovolbumin 
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Fig. 2 Temperotura dependence of du/dc F i g . 3 
for (a) B S A (b ) Ovalbumin . 
Concentrtion dependence of d u / d c 
in aqueous solution of (a) B S A and 
(b) Ovalbumin 
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Fig. 5 Density against cone, at 30** and 25**cfor aqueous 
solution of (a) B S A ( b ) Ovalbumin 
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Fig. 7 The appanarrf specific volume Vo as a function of 
concentration f o r ( a ) B S A (b) Ovalbumin 
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Fig . 8 Typical plot of ( p/^o—Vo ) / C against conc^ 
(a) bovine serum albumin (b) Ovalbumin 
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Fig. 9 Effect of femperafure on adiabatic compressibility ps 
(a) bovine serum olbumin (b) Ovalbumin 
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Fig. lO Effect of concentration on ps at 30*c(a) B S A 
and (b) ovalbumin 
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Fig. 11 Temperature dependence of viscosity ot (0 .008g/mJ) concwitrotion 
(a) BS A and (b) Ovalbumin 
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F ig . 12 Logarithmic plot of relative viscosity Lnn^ / c against 
protein concentration for aqueous solutions of 
(a) B S A and (b) Ovalbumin . 
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